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Abstract 
The soil represents living and dynamic environment for different types of microorganisms. With 
their enzyme activity microorganisms participate in the creation of plant nutrients. Thus, 
microorganisms participate in the creation and maintenance of soil fertility and are considered as 
biogenic indicators. In this paper, the total number of microorganisms, actinomyces, diazotrophs, 
fungi and cellulolytic, denitrifying, ammonifying and nitrifying microorganisms was examined in 
alluvial soil in Jurumleri locality, Skopje. The number of microorganisms was studied at three 
different depths (0-10 cm, 10-20 cm and 20-30 cm). The examined soil has favorable physical and 
chemical properties for growth and development of microorganisms. It was found that most of the 
studied groups of organisms are present at a depth of 0-10 cm, while ammonifying bacteria are 
mostly present at a depth of 20 - 30 cm. 
Key words: soil, bacteria, actinomyces, diazotrophs, yeasts, cellulolytic, denitrifying, ammonifying, 
nitrifying microorganisms, molds. 
 
Introduction 
Soil represents a complex system composed of solid, liquid and gaseous phase. The solid phase 
consists of organic and mineral matters, liquid of water and substances dissolved in it, and the 
gaseous phase consists of oxygen, carbon dioxide, nitrogen, hydrogen, ammonia, etc. All three 
phases are interrelated and their relationship affects fertility and soil microbial activity (Filipovski 
G, 1974). The quantitative and qualitative composition of soil microorganisms is different in 
different types of soils and depends on abiotic (temperature, moisture, acidity, content of organic 
and mineral substances) and biotic factors (microorganisms, plants, animals and humans and their 
interaction). The number of microorganisms and their activities in the soil is an important indicator 
of soil fertility since in the soils with formed profile they maintain its structure, the level of organic 
matter and through the transformation of materials they provide plants with soil nutrients.  
Microorganisms in the soil are deployed in horizontal and vertical direction, depending on the 
latitude, climatic factors, soil type, type of microorganisms and according to the depth of the profile 
and the altitude. Target of this research is to examine the number of different groups of 
microorganisms by depth of the profile on alluvial soil in the region of Skopje. 
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Material and methods 
Research are made on alluvial soil in the vicinity of Skopje, particularly in Jurumleri with 
geographical position of the soil profile on 41 ° 58'20, 84 "north and 21 ° 33'24, 44" east on  276 m 
altitude. Soil analysis are made for the mechanical composition (Table 1) and chemical properties of 
the soil (Table 2). 
The mechanical composition of the soil depends from the subsoil and the processes that occur 
during soil genesis and the evolution of soil (Mitrikeski J., Mitkova T, 2006).  
In terms of mechanical composition of the soil dominates the fraction sand and dust, which reflects 
very well on the physical properties of the soil. According to the classification of soils by Scheffer 
and Schachtschabel, examined soil belongs to the group of loam. 
 
Table 1. Mechanical composition of the soil 
Depth in 
cm 
Coarse sand 
0,2-2 mm 
Cramp 
(fine) 
sand 
0,02- 0,2 
Total 
Dust 
0,02-0,002 
Clay 
˂0,002 
Clay 
+  dust 
0-20 2.87 56.53 59.40 34.60 6,00 40.60 
20-40 3.46 60.24 63.70 34.30 2.00 36.30 
40-60 3.09 50.11 53.20 42.40 5.00 47.40 
60-80 5.18 41.72 46.90 45.66 7.44 53.10 
80-115 1.78 42.15 43.93 45.95 10.12  
 
Table 2. Chemical composition of the soil 
Depth in 
cm 
pH Total 
N % 
Humus 
% 
CaCO3 
Readily available 
nutrients in the soil 
H2O n KCl P2 O5 K2O 
0-20 8.1 7.2 0.1698 2.83 9.9 16.47 20.10 
20-40 8.2 7.2 0.0708 1.18 10.83 15.29 18.10 
40-60 8.7 7.3 0.066 1.10 11.66 4.31 18.20 
60-80 8.7 7.3 0.051 0.85 9.99 5.29 20.40 
80-115 8.7 7.3 0.0378 0.63 10.83 3.72 22.10 
 
Based on the presented data about the chemical composition of the soil was determined that the soil 
according to U.S. classification has neutral to moderately alkaline reaction of the soil solution and in 
the deeper layers (strata) alkalinity increases. The presence of carbonates in the soil is important 
because it strongly influences on the chemical composition of the soil, particularly on the reaction 
of the soil solution, so according to Penkov (1996) the soil belongs to carbonate rich soils. 
Examined soil is poor to moderately rich with humus; total N content is in correlation with the level 
of humus in the soil and its presence decreases with increasing of the depth. The presence of P2O5 
and K2O in the top layers shows that the soil is middle provided, and in the deeper layers these 
values are declining. 
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The samples for microbiological analysis of the soil are taken aseptically on depth of 0-30 cm. The 
soil samples are taken in spring and are analyzed in the microbiological laboratory of the Faculty of 
Natural Sciences and Mathematics.  
In the soil are studied different groups of microorganisms according to standard methods (Jarak and 
Govedarica, 1997).  
Tests are made with the method of sowing on adequate dilution of soil on selective nutrient 
substrates and incubation on temperature of 28 ºC and the total number of microorganisms and 
ammonia forming bacteria 3-4 days, nitrifying bacteria (nitric forming bacteria), nitrate forming 
bacteria and nitrate reducing bacteria 5-7 days, fungi and actinomyces 2-3 days. 
The total number of microorganisms in the soil is examined on substrate of soil agar (10 
-6
); 
nitrifying bacteria (nitric forming bacteria) are grown on a substrate esbi agar (10
-6
); 
nitrate forming bacteria are determined on mineral substrate with composition: (NH4) 2SO4 2g, 
K2HPO4 1g, MgSO4 0,5 g, FeSO4 0,4 g, NaCl 0,4 g, CaCO3 1g, MgCO3 1 g, agar 1,5% ,distilled 
water; 
nitrate reducing bacteria are studied on mineral substrate with composition: KNO3 2g, K2HPO4 1g, 
MgSO4 0,5 g, FeSO4 0,4 g, NaCl 0,4 g, CaCO3 1g, MgCO3 1 g, agar 1,5%, distilled water; 
ammonia forming bacteria are examined by the method of titer on liquid substrate- nutrient broth, 
using a reagent- leaves soaked with Krupov reactive which is prepared from one part 3% H2SO4 and 
two parts aqueous solution of fuchsin; cellulose splitting microorganisms are studied using carboxyl 
methyl cellulose (10
-2
); yeasts are tested on the substrate Czapek-Dox Agar with composition: 
NaNO3 2g, KH2PO4 1g, MgSO4 0,5 g, KCl 0,5 g, FeSO4 0,1 gr, sucrose 300 g, agar 200 g) (10
-4
); 
molds are determined on the substrate Czapek-Dox Agar  with composition: NaNO3 2g, KH2PO4 
1g, MgSO4 0,5 g, KCl 0,5 g, FeSO4 0,1 g, sucrose 300 g, agar 200 g) (10
-4
); actinomyces are 
determined on synthetic agar according to Krasiljnikov (composition: K2HPO4 5g, MgCO3 5g, NaCl 
5g, KNO3 10g, FeSO4 10 g, CaC03 150g, sucrose 200 g, agar 160 g), (10
-5
). 
 
Results and discussion 
The results from the microbiological tests are shown in Table 3. 
in the surface layer, and with increasing of the depth their number decreases. 
Bacteria are prokaryotic organisms that have a key role in the process of circulation of matter. 
Fertile soils contain between one hundred million and a billion bacteria in one gram of soil, their 
biomass is between 300 - 3000 grams per m
3
 of soil, their presence entirely depends on the amount 
of organic matter, pH, the content of water, air, warmth, light, crop rotation and other agro-technical 
measures.  
The average number of bacteria in the examined soil at a depth of 0-10cm is 88 per gram of soil, at 
a depth of 10-20cm is 132 per gram of soil and at depth of 20-30 cm is 64. Most bacteria per gram 
of soil are noted at a depth of 10-20 cm. 
Actinomyces are heterotrophic organisms; saprophytes with developed digestive system with ability 
for decomposition of the organic complex such as humus, chitin, cellulose that for other organisms 
is difficult to decompose (Waksman, 1945). 
Environmental conditions in the soil are suitable for the development of actinomyces and they are 
most numerous in the surface layer of 0-10 cm. 
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Table 3. Number of microorganisms by depth in alluvial soil (10
x
 /g soil) 
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Physiological groups of microorganisms - ammonia forming bacteria, nitrate reducing bacteria, 
nitrate forming bacteria and nitrifying bacteria (nitric forming bacteria) are important for the 
circulation of nitrogen, carbon, sulfur, phosphorus and other elements. The ammonia forming 
bacteria with a role to decompose organic nitrogen compounds are numerous in the examined soil, 
so at a depth of 0-10 cm and 10-20 cm the number of ammonia forming bacteria is equal, and their 
number is highest at a depth of 20-30 cm. Microorganisms that oxidize ammonia up to nitrates are 
nitrate forming bacteria and they are most numerous in the surface layer, with increasing of the 
depth their number declines. Nitrate reducing bacteria are microorganisms that reduce the nitrates 
up to elemental nitrogen. They are most numerous in the surface layer of the soil.  
Cellulose splitting microorganisms decompose the cellulose in the soil, thus creating oxy-acids that 
enrich the soil with nitrogen substances. The number of cellulose splitting microorganisms is 
greatest in the surface layer of 0-10 cm (up to 152 per gram of soil). 
Molds grow better in acidic soils, because they are acid-fast, although they are numerous in soils 
with neutral reaction. The number of molds in the examined soil is higher. 
 
Conclusions 
Based on the results of the research we concluded that: 
The mechanical structure and chemical properties of the soil are favorable for development of all 
studied groups of microorganisms. 
The depth of the soil affects the number of microorganisms. 
The total number of microorganisms is highest in the soil layer at a depth of 10-20 cm. 
The ammonia forming bacteria are most frequent in the soil layer of 20-30 cm, while all other 
groups of microorganisms – actinomyces, nitrifying bacteria (nitric forming bacteria), nitrate 
forming bacteria, nitrate reducing bacteria, yeasts, molds and cellulose splitting microorganisms are 
most numerous in the surface layer of 0-10 cm. 
 
References 
Alexander M. 1977. Introduction to Soil Microbiology. Wiley. New York. 
Ангелевски А. 2000. Микробиологија на водата, храната и воздухот. НИП Студентски Збор – 
Скопје. 
Beginers A. 2003. Guide to Water Management-Bacteria.Florida lakewatch. 1
st
Edition, p.1-38.  
Bothe H., De Bruijn F.J., Newton W.E (ed.). 1988. Nitrogen Fixation: A Hundred Years After. 
Gustav Fisher Verlag. New York. 
Vucetic J., Ivkovic M. 1970. Praktikum  iz mikrobioloske hemije.Beograd. 
Говедарица М., Јарак М. 2003. Микробиологија. Нови Сад. 
Говедарица М., Јарак М. 1997. Практикум из микробиологије. Нови Сад. 
Ћinoviћ И. 1998. Свет поврћа, Форум - Нови Сад. 
Зиберовски Ј. 2007. Практикум по микробиологија. Факултет за земјоделски науки и храна 
при Универзитетот Св.Кирил и Методиј од Скопје.  
Ingraham J.L., Maaloe O., Neidhardt F.C. 1983. Growth of the Bacterial Cell. MA:Sinauer 
Associates. Sunderland 
Jarak M., Colo Ј. 2007. Mikrobiologija zemljista. Poljoprivredni fakultet- Novi Sad. 
Jarak M., Djuric S. 2004. Praktikum iz mikrobiologije. Poljoprivredni fakultet-Novi Sad. 
SECTION 7: NATURAL RESOURCES MANAGEMENT AND ENVIROMENT PROTECTION 
_________________________________________________________________________________________ 
_________________________________________________________________________________________ 
810 
Кунгуловски Џ. 2006. Микробиологија. УКИМ-Скопје. 
Кунгуловски Џ., Арсова-Панчевска Н. 2005. Микробиологија I. Ирис –Струга. 
Кунгуловски Џ., Арсова-Панчевска Н. 2008. Микробиологија II. Ирис –Струга. 
Lešić R., Borošić J., Buturac I., Ćustić M., Poljak M., Romić D., 2002. Povrćarstvo. Zrinski-
Ćakovec. 
Мулев М. 1997. Заштита на животната средина. Ворлдбук. Скопје.  
Најденовска О. 2010. Микробиолошката активност на почвата – биоиндикатор на поволноста 
за користење на отпадните води во земјоделството,Зборник на факултетот за земјоделски 
науки и храна, Вол. 55. стр.87 – 92. Скопје.  
Најденовска О. 2010. Микроорганизмите и биомониторингот на изворите на загадување на 
почвата, Годишен зборник на факултетот за земјоделски науки и храна. Вол. 55. стр.79 – 85. 
Скопје.  
Najdenovska O. 2011. Heavy metals and microorganisms in the soil and environmental monitoring l 
in urban areas. Zbornik radova. 15 International Ecoconference - Novi Sad.  
Најденовска О. Ѓорѓевиќ С. 2009. Примена на микробиолошко ѓубриво во растителното 
производство и заштитата на животната средина,  Годишен зборник на факултетот за 
земјоделски науки и храна. Вол 54. стр. 89 – 94. Скопје. 
Ralph L Stephenson, James B Blackburn. 1997. Jr. The Industrial Wastewater Systems Handbook.  
Sarić Z., 1992. Praktikum iz mikrobiologije. Beograd.  
Филиповски Ѓ.1974, Педологија, Земјоделски Факултет –Скопје 
Митрикески Ј, Миткова Т., 2006. Практикум по Педологија, Факултет за земјоделски науки и 
храна  Скопје. 
 
 
БРОЈНОСТА НА МИКРООРГАНИЗМИТЕ НА РАЗЛИЧНА ДЛАБОЧИНА ВО 
АЛУВИЈАЛНА ПОЧВА ВО СКОПСКО 
 
Олга Најденовска, Даниела Димовска, Џоко Кунгуловски, Наталија Атанасова Панчевска 
 
Апстракт 
Почвата претставува жива, динамична средина во која живеат различни видови 
микроорганизми. Преку ензимската активност  микроорганизмите  учествуваат во 
создавањето на хранливите материи за растенијата. Оттука, микроорганизмите учествуваат 
во создавањето и одржувањето на плодноста на почвата и претставуваат  индикатори на 
нејзината биогеност.  Во овој труд  се испитувани  вкупниот број на  микроорганизми,  
актиномицетите, азотофиксаторите, габите, целулолиотичките микроорганизми, 
денитрификаторите, амонификаторите, и нитрификаторите во алувијална почва, во н. 
Јурумлери,  Скопско. Бројноста на микроорганизмите е испитувана во три различни 
длабочини ( 0-10 см, 10-20см,  и  20-30см ).  Испитуваната почва  има поволни физичко - 
хемиски својства за живот и развиток на микроорганизмите. Констатирано е дека најголем 
број на испитуваните групи  микроорганизми  е на длабочина од 0-10 см, а амонификаторите 
на длабочина од 20 – 30 см. 
Клучни зборови: микроорганизми, алувијални почви. 
